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(§4) Immunoassays. 

@ In the immunoassay of an antigen using the second anti- 
body technique, the second antibody is raised against th e Fc 
c omponent only of the first antibody. This reduces, or reduces 
the risk of, interference in the primary reaction by the second 
antibody. In a modified «two-site» immunoassay, a second 
antibody is used, directed against the Fc component of the un- 
labeled first antibody, to insolubilise the first antibody. Single 
reagent immunoassays may be effected using the modified 
second antibody technique of the invention. 
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® Immunoassays. 

@ In the immunoassay of an antigen using the second 
antibody technique, the second antibody is raised against 
the Fc component only of the first antibody. This reduces, or 
reduces the risk of, interference in the primary reaction by 
the second antibody. In a modified "two-site" immunoassay, 
a second antibody is used, directed against the Fc com- 
ponent of the unlabelled first antibody, to insolubilise the 
first antibody. Single reagent immunoassays may be effec- 
ted using the modified second antibody technique of the 
CO invention. 
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IMMUNOASSAYS 

This invention relates to immunoassays. 

Immunoassays depend upon the reversible and 
non-covalent binding of an antigen (Ag), which is the 
analyte to be measured by its specific antibodies (Ab), to 
form a complex (Ag:Ab), in accordance with the reaction: 

— ^ Ag:Ab 
(bound fraction) 

At equilibrium, some of the free reactants will be combining 
to form more complex, and some of the complex will be 
dissociating to give the free reactants. 

In order to enable, or improve the accuracy of, 
quantitation in immunoassays, it is known to use a labelled 
reagent. Among the labels commonly used are radioisotopes, 
enzymes and fluorophors. 

In many immunoassays, it is necessary to separate 
the bound fraction from the free fraction once equilibrium 
has been established. A large number of physicochemical , 
immunological and other means of separating the antibody- 
bound and free fractions have been developed. Among these 
is the so-called second antibody approach. In accordance 
with this technique, there is included in the reaction 
mixture, in addition to the antibody (first antibody) 
directed against the antigen, another antibody (second 



Ag + Ab 

. 

(free fraction) 
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In one aspect, the present invention thus 
provides a method of immunoassay of an antigen wherein the 
antigen is reacted with a first antibody to form an 
antigen : antibody complex, and wherein a second antibody 
5 is used to bind to the first antibody to form a 

precipitate therewith, the precipitate being separated 
out, characterised in that the second antibody is directed 
only against the Fc component of the first antibody. 

The method of the invention is applicable to all 
10 second antibody assays, including those using a labelled 
reagent, in which there is a separation step. 

One particular form of immunoassay with which the 
present invention may be utilised is that known as a 
"two-site" technique for the assay of large molecules with 
15 more than one antigenic determinant. In a conventional 

H two-site n assay, the sample under assay is first incubated 
with an excess of an antibody covalently linked to an 
insoluble support and directed against one antigenic deter- 
minant (SP-Ab 1 ) 

20 

Ag + excess SP-Ab x ^ SP-Ab^Ag + Sp-Abj^ 

(i ) 

After careful washing, excess of a second, isotopically 
25 labelled antibody (Ab^) directed against another part of 
the antigen molecule is added 

SP-Ab x + SP-Ab 1 :Ag + excess Ab^ ^ 

" SP-Ab x + SP-Ab x : Ag:Ab^ + Ab* (ii) 

Following further washes, the counts (in the case of a 
radiolabel) present in the solid phase fraction are 
determined and are related directly to the concentration of 
antigen present in the samples and standards. 
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the assay result. The so-called "single reagent 11 is, 
of course, a mixture of all the various reaction 
components required for the assay (excepting the sample 
or standard). In theory, single reagent label immuno- 
5 assays should significantly reduce the complexity of 

label assays, and increase the speed and precision thereof. 
Also, they should reduce reagent manufacturing costs and 
also improve the stability of some isotopically labelled 
antigens. 

10 However, despite these potential advantages, 

there have been only a very few proposals hitherto for 

single reagent label immunoassays and, so far as we are 

aware, none of these has been very satisfactory. For 

example, one commercially available kit for the radio- 

15 immunoassay of thyroxine (T.) used a single reagent com- 
12 5 ^ 
prising 1 ~ T 4> mixed with anti-T 4 antiserum and second 

antibody raised against the entire immunoglobulin G (IgG) 
of the species used to make the antiserum. However, in 
conducting the assay, the mixture of sample (or standard) 
20 and single reagent had to be incubated for 30 minutes 
at 56°C, which was not very convenient. Furthermore, 
the assay gave relatively poor precision (up to 10% coeffi- 
cients of variation) and high recovery (up to 125??) as 
compared with a conventional double antibody assay for . 

25 In another proposed radioimmunoassay (RIA) for T it was 

4 , 

found that the assay was accurate only if the "single 
reagent" was made up immediately before use. Again, this 
is not very convenient and somewhat negates the advantages 
theoretically achievable by "single reagent" procedures. 

30 We have now found, in accordance with a further 

aspect of the present invention, by using a second 
antibody directed against the Fc fragment only of the 
first antibody, "single reagents" can be made up which are 
stable and reliable in subsequent use in an assay. Thus, 

35 the invention includes a single reagent label immunoassay 
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with fluorescein isothiocynate according to standard r . 
methods. Antiserum to HSA was raised in a sheep by 
standard procedures. Antisera to sheep IgG and to sheep 
Fc fragment were raised in rabbits by standard procedures. 
5 Assay diluent buffer was sodium phosphate (50 mmol/ 1 

pH 7*4) containing bovine serum albumin (5 g/D and sodium 
azide (1 g/l). Standard solutions of HSA were prepared 
in diluent buffer. 

Experiments were performed using polystyrene 

10 test tubes which also served as cuvettes for measurement 
of fluorescence in a Perkin-Elmer Model 1000M filter 
fluorimeter (Kamel et al . (1980) Clin. Chem. 2£, 1281-1284). 

For the f luoroimmunoassays with conventional 
reagent addition sequence, working tracer reagent was 

15 prepared by diluting the f luorescein-labelled HSA to 

2.6 mg/l (based on its protein content) in diluent buffer 

and working antiserum reagent by diluting the anti-HSA serum t>y 

1,430-fold in diluent buffer. 

The assay procedure with conventional second- 

20 antibody separation was as follows. To SO ul of standard 
was added 200 ul of working tracer reagent followed by 
100 ul of working antiserum reagent. After incubation for 

1 h at room temperature, 50 ul of normal sheep serum (diluted 
1,000-fold in diluent buffer) and 50 jil of second antiserum 

25 (either anti-IgG or anti-Fc, each diluted 8-fold in 

diluent buffer) was added. After further incubation for 

2 h at room temperature, the assay mixtures were centrifuged, 
the supernatants aspirated to waste, and the precipitates 
re-dissolved by the addition of 1 . 5 ml of a mixture of 

30 methanol, water and 2 mol/l sodium hydroxide (50:50:1 

parts by volume) . The fluorescence of the re-dissolved 
precipitates (antibody-bound fraction of the labelled 
HSA) was measured by placing each test tube into the 
fluorimeter . 

35 The f luoroimmunoassay standard curves obtained 
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2 • Example of a single reagent immunoradiometric assay 

employing anti-Fc second antibody: liquid-phase 

two-site assay of human prolactin 

Antisera to human prolactin were raised in 

5 sheep and rabbits by standard procedures. Specific anti- 

prolactin immunoglobulins were isolated from the sheep 

antiserum by immunoaf f inity purification and were 

12 5 

radioiodinated with I by conventional procedures. 

Antisera to rabbit IgG and to rabbit Fc fragment were 

10 raised in sheep by standard procedures. Assay diluent 
buffer was sodium phosphate (64 mmol/l, pH 7-4) 
containing polyethylene glycol 6000 (30 g/l) , bovine serum 
albumin (5 g/l), normal rabbit serum (10 ml/l), normal 
sheep serum (20 ml/l), and thiomersal (100 mg/l). Standard 

15 solutions of human prolactin were prepared in horse serum. 

The procedure for conventional liquid-phase 

two-site assay was as follows. To 100 jil of standard 

was added 100 jjlI of rabbit ant i-prolactin serum (diluted 

400-fold in diluent buffer) followed by 100 jal (approx. 

i or 

20 100,000 counts/min) of °I-labelled sheep anti-prolactin 
immunoglobulins. After incubation for 3 h at room 
temperature, 100 >il of sheep anti-(rabbit (IgG) serum 
(appropriately) diluted in 64 mmol/l sodium phosphate 
buffer, pH 7-4) was added and after incubation for a 
25 further 1 h at room temperature the assay mixtures were 
centrifuged, the supernatants aspirated to waste and the 
radioactivity in the precipitates counted. The standard 
curve obtained is shown in Figure 3- 

When the above experiment was repeated employing 
30 an appropriate dilution of sheep anti-(rabbit Fc) second 
antiserum in place of the anti-( rabbit IgG) serum, an 
identical standard curve was obtained. 

The experiment of Figure 3 was repeated employ ing 
a mixture of the two specific anti-prolactin reagents that 
35 had been prepared several days previously. To 100 ;il of 

standard was added 200 jil _ . 
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conventional procedure - avoiding two pipetting steps 
and the need for a second incubation, and with all 
reagent additions completed at one time. 
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6- A single reagent label immunoassay for an 
antigen, in which the antigen is mixed with a single 
reagent mixture and, optionally after a separation step, 
the label is assayed, characterised in that the single 
reagent mixture comprises a first antibody against the 
antigen and a second antibody against the Fc component 
of the first antibody. 

7- An assay according to claim 6, wherein said 
antigen has at least two antigenic determinants, and 
wherein said "single reagent" mixture comprises antibody 
raised in a first species against a determinant of the 
antigen under assay; labelled antibody raised in a second 
species against another determinant of the antigen; 

and antibody raised in said second species against the Fc 
fragment of the IgG of the first species. 

8- An immunoassay according to claim 6 or 7, wherein 
the label is a radioisotope, enzyme or fluorophore. 

9 - A !, single reagent" mixture for use in the assay 
of claim 6, which comprises a first antibody against an 
antigen, and a second antibody against the Fc component 
of the first antibody. 

10 - A "single reagent" mixture for use in the assay 
of claim 7, which comprises antibody of a first animal 
species against an antigen, labelled antibody of a second 
animal species against the antigen, and antibody raised 
in said first species against the Fc component of the IgG 
of the first species. 
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Fig. 2. 
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PROLACTIN CONCENTRATION (mU/l) 



Fig. 4. 



